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@ A streak tube the total length of which is 
short. An optical image of an object is conver- 
ted into a plurality of divided micro incident 
electronic images by converting means (110) 
and photoelectrons from these divided micro 
incident electronic images are focused by a 
focusing electron lens (111). Further, the photo- 
electrons are swept by a deflecting means (112) 
and imaged on an output plane. Thus, the 
optical image of the object is converted into the 
divided micro incident electronic images, so 
that focusing and sweeping can be performed 
in short distance. Accordingly, the total length 
of the tube can be short. 



Fig. 25 
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BACKGROUND OF THE INVENTION 

Field of The Invention 

The present invention relates to a streak tube 
which can measure time-variation of an object or an 
image of which the shape or the lightness is varied at 
high speed. 

Related Background Art 

A conventional streak tube which can obtain in- 
formation of the time concerning the two-dimensional 
image is disclosed in the reference "Rev. Sci Instrum 
52 (8). Aug. 1981 p.1190-1192". Referring to Fig. 24, 
a configuration of the conventional streak tube will be 
explained. As shown in Fig. 24, the conventional 
streak tube comprises an optical mask 102 and an 
optical lens 103 in front of a photocathode 101, and 
a mesh accelerating electrode 104, a focusing lens 
105, deflecting electrodes 106 and 107, and an out- 
put phosphorous screen 108 in the rear of the photo- 
cathode 101. A two-dimensional optical image of an 
object to be measured which has entered the streak 
tube is divided into micro-images through the optical 
mask 102, and the divided micro-images are formed 
on the photocathode 101. Then, photoelectron 
beams emitted from the photocathode 101 are swept 
by the deflecting electrodes 106 and 107, and a 
streaking image of each divided micro- image (pixel) 
is formed on the output phosphor screen 108. 

SUMMARY OF THE INVENTION 

In this case, since the entered optical image of 
the object is 5-10 mm in size, in order to form the 
streaking image corresponding to the optical image 
of the object on the output phosphorous screen, re- 
garding a spherical aberration and so forth, a focusing 
electron lens having a diameter a few times larger 
than the size of the optical image of the object is 
needed. And the length of the focusing electrode sys- 
tem in a direction of the tube-axis corresponding to 
the focusing electron lens is five to six times larger 
than a diameter of the focusing electron lens. There- 
fore, the total length of the streak tube becomes long 
to 200 mm-300 mm. Further, because the total length 
of the streak tube is long, running time of the photo- 
electron therethrough is large, and the blur of the opt- 
ical image of the object having the high lightness be- 
comes large due to a space-charge effect. Further, 
photoelectric currents emitted in accordance with the 
total optical image are crossed in the vicinity of an 
anode aperture 109, and the photoelectric current 
density becomes large, so that the blur of the image 
becomes large also due to the space-charge effect. 

Further, the photoelectrons emitted from the dif- 
ferent positions on the photocathode 101 pass 



through the different positions on the focusing lens 
105, so that it is a fault that geometric distortion of the 
streaking image becomes large depending on the 
aberration of the lens. 

5 It is an object of the present invention to provide 

a streak tube in which the faults on characteristics as 
described above are solved and the total length of 
which is short. 

In order to solve the above problems, a streak 

10 tube of the present invention comprises converting 
means for converting an optical image of an object 
into a two-dimensional arrayed image including a 
plurality of divided micro incident electronic images, 
a focusing electron lens comprising a plurality of fo- 

15 cusing electrode plates, each having a plurality of 
apertures arrayed corresponding to each divided mi- 
cro incident electronic image formed by the convert- 
ing means, the focusing electrode plates jointed each 
other with the apertures aligning, for focusing photo- 

20 electrons from the divided micro incident electronic 
images by making the photoelectrons pass through 
each aperture, deflecting means having a configura- 
tion of teeth parts of one pair of comb-like deflecting 
electrodes engaging each other, for deflecting photo- 

25 electrons from each divided micro incident electronic 
image by transmitting photoelectrons through be- 
tween the teeth of the deflecting electrode, and an 
output plane for imaging photoelectrons passing 
through the deflecting means. 

30 Here, the converting means may comprise divid- 

ing means for dividing the optical image of the object 
into a plurality of divided micro optical images, and a 
photocathode for converting each divided micro opt- 
ical image divided by the dividing means into a corre- 

35 sponding divided micro incident electronic image. Al- 
ternatively, the converting means may comprise a 
photocathode for converting the optical image of the 
object into photoelectrons of the object, and dividing 
means for dividing the photoelectrons of the object 

40 emitted from the photocathode into a plurality of div- 
ided micro incident electronic images. 

Fig. 25 shows general ideas of the present inven- 
tion. Referring to Fig. 25, the operation of the present 
invention will be explained hereunder. First, an optical 

45 image of an object incident on a converting means 
110 is converted into a plurality of divided micro inci- 
dent electronic images including pixels separating 
with a predetermined spacing and then emitted. 
These photoelectrons from the divided micro incident 

so electronic images are focused by passing through 
each aperture of a focusing electron lens 111, and 
further they are swept by passing through a deflect- 
ing means 112 and are re-formed on an output plane 
113. 

55 In the deflecting means 112, photoelectrons are 

swept within a range of the spacing of each divided 
micro incident electronic image, so that luminous dis- 
tribution corresponding to time-variation of the 
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strength of each pixel of the divided micro incident 
optical image generates along in a sweeping direc- 
tion. The size of the divided micro incident electronic 
images is small, for example, a 10 jim diameter, so 
that a diameter of a corresponding focusing electron 
lens 111 is also small. Accordingly, the length of the 
focusing electron lens 111 in a tube axis direction may 
be short. Further, the size of each output image gen- 
erated on the output plane 113 is also small, e.g., 10 
jam, so that the deflecting distance is short, and the 
distance between the deflecting means 112 and the 
output plane 113 may be short Accordingly, the total 
length of the tube can extremely be short. 

Further, according to the present invention, pho- 
toelectrons from the divided micro incident electronic 
images emitted from the converting means 110 are 
already divided into pixels when the photoelectrons 
enter the deflecting means 1 1 2, so that the blur of the 
image does not occur when the inclined voltage is ap- 
plied to the deflecting means 112 and the gate oper- 
ation of the photoelectron flow is not needed. 

The present invention will become more fully un- 
derstood from the detailed description given herein- 
below and the accompanying drawings which are giv- 
en by way of illustration only, and thus are not to be 
considered as limiting the present invention. 

Further scope of applicability of the present in- 
vention will become apparent from the detailed de- 
scription given hereinafter. However, it should be un- 
derstood that the detailed description and specific 
examples, while indicating preferred embodiments of 
the invention, are given by way of illustration only, 
since various changes and modifications within the 
spirit and scope of the invention will become apparent 
to those skilled in the art from this detailed descrip- 
tion. 

BRIEF DESCRIPTION OF THE DRAWING 

Fig. 1 is a side sectional view showing a config- 
uration of a streak tube according to the present em- 
bodiment. 

Figs. 2A and 2B are sectional views showing con- 
figurations of a micro focusing electron lens. 

Figs. 3A and 3B are perspective views showing 
the appearances of a deflecting electrode. 

Fig. 4 is an exploded view of a streak tube ac- 
cording to the present embodiment. 

Fig. 5 is a plan view showing a configuration of a 
streak camera using a streak tube according to the 
present embodiment. 

Fig. 6 is a view showing one embodiment that out- 
put ends of fiber cables are connected to a fiber plate 
in a matrix shape. 

Figs. 7A and 7B are views showing one embodi- 
ment that micro optical lenses ar formed on an en- 
trance window itself in a matrix shape. 

Figs. 8A and 8B are views showing one embodi- 



ment of a combination of micro optical lenses and an 
optical mask having apertures holed in a matrix 
shape. 

Fig. 9 is a view showing one embodiment thatf ib- 
5 ers are bedded in an entrance window and a reduced 
optical image is formed on a photocathode. 

Fig. 10 is a view showing one embodiment that a 
metal plate is bedded in an entrance window and a 
light is reflected multiple times there and a reduced 
10 optical image is formed. 

Fig. 11 is a view showing one embodiment that a 
plate in which micro lenses are formed is adhered to 
an entrance window. 

Fig. 12 is a view showing one embodiment that a 
15 plate in which fibers are bedded is adhered to a fiber 
plate. 

Fig. 1 3 is a plan view showing a streak tube using 
a collimating electrode and a mask electrode. 

Fig. 14 is a plan view showing a streak tube in 
20 which a transparent electron multiplying dynode is 
put on an exit surface of a mask electrode. 

Fig. 1 5 is a plan view showing a streak tube using 
anMCP. 

Fig. 16 is a plan view showing a steak tube using 
25 an MCP and a transparent electron multiplying- dy- 
node. 

Fig. 17 is a sectional view showing one alterna- 
tive embodiment of a micro focusing electron lens. 

Fig. 18 is a perspective view showing another 
30 embodiment of a deflecting electrode. ^ 

Figs. 1 9Aand 1 9B are perspective views showing 
one embodiment of placing deflecting electrodes into 
a matrix shape. 

Fig. 20 is a plan view showing an output optical 
35 image obtained on a phosphor screen. 

Fig. 21 is a plan view showing one embodiment 
of placing a thick Al layer on a phosphor screen. 

Fig. 22 is a plan view showing one embodiment 
of placing a stripe-shaped electrode between def lect- 
40 ing electrodes and a phosphor screen. 

Fig. 23 is a view showing one embodiment that a 
surface of an entrance window is of semi-cylindrical 
shape. 

Fig. 24 is a view showing a configuration of a con- 
45 ventional streak tube. 

Fig. 25 is a view showing a basic principle of the 
present invention. 

DESCRIPTION OF THE PREFERRED 
so EMBODIMENT 

Embodiments of the present invention will be de- 
scribed hereunder with reference to the accompany- 
ing drawings. 

55 Fig. 1 is a side sectional view showing a config- 

uration of the present embodiment. Referring to Fig. 
1 , in a streak tube according to the present embodi- 
ment two apertures of a cylindrical glass tube 10 are 
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closed by glass plates, and one of the glass plates is 
an entrance window 20, and the other is an exit win- 
dow 30. An optical mask 21 is deposited at the internal 
surface of the entrance window 20. The optical mask 
21 is that Al is deposited to few thousands A and aper- 
tures having a diameter of 20 \im are holed therein 
with a 0.5 mm spacing into a matrix shape in a range 
of 1 00 mm x 1 00 mm valid area of a photocathode by 
etching with resist. In the drawings, some apertures 
are omitted and the other apertures are shown with 
being scaled up. Further, an S-20 photocathode 22 is 
formed on the internal surface of the optical mask 21 . 
Moreover, a phosphorous screen 31 is formed on the 
internal surface of the exit window 30. 

A micro-focusing electron lens 40 comprising a 
plurality of disk-type electrodes and a deflecting elec- 
trode 50 comprising a pair of comb-like electrodes 
are placed between the entrance window 20 and the 
exit window 30. That is, the micro-focusing electron 
lens 40 is placed about 1.5 mm behind the photoca- 
thode 22 of the entrance window 20, and the deflect- 
ing electrode 50 is placed about 1.5 mm behind the 
micro-focusing electron lens 40, and the space be- 
tween the deflecting electrode 50 and the phosphor- 
ous screen 31 is about 15 mm. 

Further, a wall electrode 60 is deposited on the 
wall of the tube between the deflecting electrode 50 
and the exit window 30 to prevent electric charge up. 
The wall electrode 60 is electrically connected to a 
flange of the phosphor screen 31 in the tube. 

Fig. 2A is a sectional view showing a configura- 
tion of the micro-focusing electron lens 40, and Fig. 
2B is a perspective view showing the appearance of 
the micro-focusing electron lens 40. As shown in Fig. 
2A, the micro-focusing electron lens 40 comprises a 
electrode 41, a G 2 electrode 42, and a G 3 elec- 
trode 43, and insulating rings 44 and 45 made of 1 mm 
thick ceramic are put between the electrodes. The G A 
electrode 41, G 2 electrode 42 and G 3 electrode are 
stainless metal plates having a 1 mm thickness, a 2.5 
mm thickness, and a 1 mm thickness, respectively, 
and the G^ electrode 41 and G 3 electrode 43 have 
apertures having a diameter of 0.1 mm holed with a 
0.5 mm spacing in a range of 100 mm x 100 mm, and 
the G 2 electrode 42 has apertures having a diameter 
of 0.1 5 mm holed with a 0.5 mm spacing in a range of 
100 mm x 100 mm. 

Further, as shown in Fig. 2B, metal pins are bed- 
ded around the insulating rings 44 and 45, and met- 
allic parts for fixation are welded to these metal pins. 
The electrodes and the insulating rings are jointed by 
the metallic parts for fixation. Further, the centers of 
the apertures of each electrode are adjusted to align 
at the time of fixation. 

Fig. 3Ais a perspective view showing the appear- 
ance of the deflecting electrode 50, and Fig. 3B is a 
plan view of the deflecting electrode 50 seen from the 
photocathode 22. As shown in Fig. 3A, the deflecting 



electrode 50 is that one pair of comb-like electrodes 
51 and 52 are put alternately such that teeth of one 
comb are engaged with teeth of the other comb. The 
electrodes 51 and 52 are formed into a comb shape 

5 by placing deflecting plates having a 2 mm length in 
a direction of the tube-axis, a 120 mm length in a di- 
rection perpendicular to the direction of the tube-axis 
and a 0.1 mm thickness in parallel with a 0.5 mm 
spacing. In order to maintain the 0.5 mm spacing be- 

10 tween the deflecting plates, insulating plates having 
a width of 0.4 mm and a height of 0.5 mm are put be- 
tween the deflecting plates at both sides of the de- 
flecting plates. Lead wires are taken out from the 
electrodes 51 and 52, and led out from the glass tube 

15 10. 

Further, as shown in Fig. 3B, the deflecting elec- 
trode 50 is positioned that the apertures of the G, 
electrode 41 , G 2 electrode 42 and G 3 electrode 43 are 
within the space between the deflecting plates of the 

20 electrodes 51 and 52. Therefore, in a case of looking 
through the photocathode 22, the deflecting elec- 
trode 50 does not disturb the sight of the apertures. 
That is, when photoelectrons are emitted from the 
photocathode 22 and go to the exit end, the deflecting 

25 electrode 50 is positioned such that it does not disturb 
the photoelectron beam running. 

Fig. 4 shows an exploded view of the streak tube 
of the present embodiment. As shown in Fig. 4, it is 
obvious that the streak tube is that the number of 

30 parts such as a micro-focusing electron lens 40 and 
a deflecting electrode 50 are contained in the short 
glass tube 10. Thus, if it is possible to minimize the 
total length of the streak tube, the running time of the 
photoelectron becomes short, and the blur due to the 

35 space-charge effect can drastically be small. 

Next, Fig. 5 shows a configuration of a streak 
camera using the streak tube of the present embodi- 
ment. The operations of the present embodiment will 
be explained with the streak camera. First, an inci- 

40 dent optical image of an object 70 is formed on the 
photocathode 22 at the inside of the entrance window 

20 through the optical lens 71 . Since the optical mask 

21 of an Al layer is placed between the entrance win- 
dow 20 and the photocathode 22, the divided micro 

45 optical images for each pixel divided by the 200 x 200 
apertures of the mask with the 0.5 mm spacing are 
formed on the photocathode 22. Since the size of the 
aperture is 20 \irr\, the photoelectrons are emitted 
only from the parts of the photocathode 22 corre- 

50 sponding to the 20 urn apertures. Then, the incident 
optical image of the object 70 is converted into a plur- 
ality of the divided micro incident electronic images. 
In this case, it is not necessary to equal the horizontal 
space and the vertical space between the apertures. 

55 The following D.C voltages are applied to the 

parts of the tube. First, -10 KV is applied to the pho- 
tocathode 22, and 0 V (ground potential) is applied to 
the G n electrode 41 and the G 3 electrode 43. Further, 



BNSDOCID:<EP 0617450A1> 



7 



EP 0 617 450 A1 



8 



the voltage from - 1 0 KV to 0 V that each divided micro 
incident electronic image on the photocathode 22 is 
reformed on the phosphor screen 31 is applied to the 
G 2 electrode 42 by a variable resistor 72, and 0 V 
(ground potential) is applied to the wall electrode 60 
and the phosphor screen 31. With these voltages are 
applied, the micro focusing electron lens 40 is formed 
corresponding to each divided micro incident elec- 
tronic image on the phosphor screen 22, and the div- 
ided micro incident electronic images are re-formed 
on the phosphor screen 31 as the divided micro out- 
put electronic images arranged separately. 

At the same time such processes flow, partial in- 
cident light enters a PIN diode 75 by a half-mirror 73, 
and generates a trigger signal. This trigger signal 
passes through a delay circuit 76, starts up a deflect- 
ing voltage generating circuit 77, and generates the 
inclined sweep voltage in this embodiment. The 
sweep voltage is applied to one electrode 52 of the 
deflecting electrode 50 and 0 V (ground potential) is 
applied to the other electrode 51, so that the divided 
micro output electronic images are swept with the 
same spacing as the spacing of the divided images on 
the phosphor screen 31 . Here, the amplitude of the in- 
clined deflecting voltage is within a range that the 
swept images for pixels are not overlapped, and in 
this embodiment, it is adjusted within 0.5 mm which 
is the spacing between the pixels. For example, the 
voltage rising from -60 V to +60 V in 5 nanosecond is 
applied. 

Then, a change of lightness of each pixel of the 
incident image is obtained on the phosphor screen 31 
as the spatial distribution in the sweeping direction. 
In the present embodiment, sweeping is performed 
between the deflecting plates of the deflecting elec- 
trode 50 alternatively in opposite direction, so that the 
direction of the time axis is also opposite alternative- 
ly. The output optical image thus obtained is taken by 
a TV camera 78 and is analyzed, whereby the time- 
variation of the lightness distribution of the incident 
optical image can be known. In this embodiment, time 
resolution of approximately 1 nanosecond can be ob- 
tained. Note that instead of the TV camera 78, a cam- 
era may be installed and the object may be recorded 
on film. 

Thus, in the present embodiment, sweeping 
width of the deflecting electrode 50 is narrow, so that 
the space between the photocathode 22 and the 
phosphor screen 31 can extremely be short to 26.5 
mm, and the total length of the glass tube 1 0 becomes 
45 mm. Further, the sweep voltage applied to the de- 
flecting electrode 50 may be the inclined voltage not 
needed to be the step voltage. 

Next, a method of forming the divided micro out- 
put electronic images will be explained. In a case of 
dividing the incident optical image into a plurality of 
pixels, there is a method that the optical mask 21 is 
placed on the side of the object 70 relative to the opt- 



ical lens 71 and the images which have been divided 
into pixels are formed on the photocathode 22 by the 
optical lens 71. Further, as shown in Fig. 6, there is 
another method that a plurality of fiber cables 23 are 

5 placed near the object 70 and using a device that 
emitting ends of the fiber cables 23 are connected to 
a fiber plate 24 in a matrix shape, the incident optical 
image is divided into a plurality of pixels and guided 
to the photocathode 22. 

10 Further, as shown in Figs. 7Aand 7B, there is an- 

other method that micro optical lenses are formed at 
the entrance window 20 itself in a matrix shape by us- 
ing micro processing technique, and the incident light 
on each lens is stopped down to the micro spot to be 

15 guided to the photocathode 22, whereby the divided 
micro incident electronic images are formed. This 
method is an improvement on the problem of the opt- 
ical mask 21 that since the light except the light pass- 
ing through the apertures is blocked by the mask, the 

20 light utilization factor is low. In this case, in order to 
get rid of crosstalk between pixels, as shown in Fig. 
8A, the space between each micro optical image 
formed by the micro lenses may be masked by the Al 
layer. This is a combination of micro lenses* and the 

25 optical mask 21 with the apertures holed in a matrix 
shape, and as shown in Fig. 8B, the space between 
the micro lenses of the entrance window 20 may be 
an opaque glass. * 

Alternatively, there are another methods that as 

30 shown in Fig. 9, fiber groups 25 are bedded into the 
entrance window 20 for each pixel, whereby the micro 
optical images are formed on the photocathode 22, 
and that as shown in Fig. 10, metal plates 26 the sur- 
faces of which are mirrors are bedded into: the en- 

35 trance window 20 to reflect the light multiple times, 
whereby the micro optical images are formed on the 
photocathode 22. 

Instead of directly forming the micro optical lens- 
es on the entrance window 20 as shown in Figs. 7A, 

40 7B, 8A and 8B, a plate 27 in which micro-lenses are 
formed as shown in Fig. 11 may be adhered to the en- 
trance window 20. Alternatively, a plate 28 into which 
fiber groups 25 are bedded for each pixel as shown 
in Fig. 12 may be adhered to the fiber plate 24. 

45 Next, Fig. 13 shows the embodiment of obtaining 

the divided micro incident electronic images, by using 
the electron lens. As shown in Fig. 13, a collimating 
electrode 80 made of metal plates in which 0.18 mm 
diameter apertures are holed in a matrix shape with 

so a 0.5 mm spacing is placed 0.5 mm apart from the 
photocathode 22, and further a mask electrode 81 in 
which 20 u,m apertures are holed in a matrix shape 
with a 0.5 mm spacing is placed 3 mm apart from the 
collimating electrode 80. A micro focusing electron 

55 lens 40 is placed in the rear of the mask electrode 81 . 
In this case, centers of apertures of each electrode 
are aligned. 

The -9.95 KV applied-voltage close to the -10 Kv 
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applied voltage to the photocathode 22 is applied to 
the collimating electrode 80, and 0 V (ground poten- 
tial) is applied to the mask electrode 81 . Further, 0 V 
(ground potential) is applied to the G^ electrode 41 
and the G 3 electrode 43, and the suitable voltage be- 
tween -10 KV and 0 V is applied to the G 2 electrode 
42 by adjusting the variable resistor 72. At this time, 
the photoelectron flow within a range of slightly great- 
er than or equal to the 0.18 mm diameter aperture of 
the colimating electrode 80 among the photoelec- 
trons emitted from the photocathode 22 is reduced 
(collimated) and goes toward the 20 jim apertures of 
the mask electrode 81 corresponding to the aper- 
tures of the collimating electrode 80 by the electron 
lens made of the mask electrode 81 . In the mask elec- 
trode 81, some of photo electrons are out of 20 jam 
apertures and absorbed by the mask electrode 81 but 
almost all of the photoelectrons pass through the 
apertures and go toward the output Then, the divided 
micro incident electronic images are formed, and 
these are imaged on the phosphor screen 31 by the 
micro focusing electron lens 40. 

In this case, one collimating electrode 80 is used 
but two collimating electrodes can be placed in order 
to improve the inflow efficiency of photoelectron to 
the apertures of the mask electrode 81. Further, the 
aperture of the collimating electrode 80 is shown as 
a circle but since the purpose of the collimating elec- 
trode 80 is to collect photoelectrons to the apertures 
of the mask electrode 81 , the collimating electrode 80 
is not limited to a bilateral symmetrical lens such as 
an imaging electron lens, so that the aperture of the 
collimating electrode 80 may be rectangular, square, 
or oval. Further, the mask electrode 81 and the G 1 
electrode 41 may be adhered to joint. 

Fig. 14 is that a transparent electron multiplying 
dynode 82 of thin film is put on the surface of the exit 
side of the mask electrode 81 of Fig. 13. Photoelec- 
trons passing through the apertures of the mask elec- 
trode 81 cause the multiplied secondary electrons 
emission to the exit side by the transparent electron 
multiplying dynode 82. Then, the divided micro inci- 
dent electronic images are formed, and they are im- 
aged on the output surface by the micro focusing 
electron lens 40. 

The -17.8 KV applied voltage close to the -18 KV 
applied voltage to the photocathode 22 is applied to 
the collimating electrode 80, and -10 KV is applied to 
the mask electrode 81 and the transparent electron 
multiplying dynode 82. Further, 0 V (ground potential) 
is applied to the G^ electrode 41 and the G 3 electrode 
43, and the suitable voltage between -10 KV and 0 V 
is applied to the G 2 electrode 42 by adjusting the va- 
riable resistor 72. 

Fig. 15 shows the embodiment of forming the div- 
ided micro incident electronic image by using a micro- 
channel plate (MCP) 83 in which a plurality of contin- 
uous dynodes having apertures of the opend en- 
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trance are bundled. A diameter of the apertures on 
the entrance side of the MCP 83 channel is 0.1 9 mm, 
and a diameter of the aperture on the exit side is 20 
|im and a spacing is 0.5 mm and a length is 1.5 mm. 
5 The spacing between the photocathode 22 and the 
MCPm is 0.5 mm, and the spacing between the 
MCP out and the micro focusing electron lens 40 is 1 .5 
mm. 

-12 KV is applied to the photocathode 22 and - 

10 11.5 KV is applied to the MCP in and -10 KV is applied 
to the MCP 0Ut . Further, 0 V (ground potential) is ap- 
plied to the Gi electrode 41 and the G 3 electrode 43, 
and the suitable voltage between -10 KV and 0 V is 
applied to the G 2 electrode 42 by adjusting the vari- 

15 able resister 72. 

Photoelectrons are emitted corresponding to the 
optical images formed on the photocathode 22. The 
photoelectrons enter the MCP in and move toward the 
MCP out while being multiplied. As the channel of the 

20 MCP 83 tapers, the photoelectrons are reduced to the 
20 nm diameter at the MCP 0Lrt and emitted to the exit 
side. Then, the divided micro incident electronic im- 
ages are formed. These electronic images are im- 
aged on the phosphor screen 31 by the micro focus- 

25 ing electron lens 40. 

Alternatively, as shown in Fig. 16, the transpar- 
ent electron multiplying dynode 82 may be placed in 
the rear of the MCP 83, and the divided micro incident 
electronic images generated by the MCP 83 output 

30 are incident on the transparent electron multiplying 
dynode 82 and multiplied, and then imaged on the 
phosphor screen 31 by the micro focusing electron 
lens 40. 

Next, the alternative embodiments of the micro 

35 focusing electron lens 40 will be described. The micro 
focusing electron lens 40 of this embodiment is a uni- 
potential lens that the applied voltage to the G^ elec- 
trode 41 is the same as the voltage of the G 3 elec- 
trode 43, and the voltage of the G 2 electrode 42 is less 

40 than this voltage (negative) but it may be a unipoten- 
tial lens that the voltage of the G 2 electrode 42 is high- 
er than the voltage (positive) of the G, electrode 41 
and the G 3 electrode 43. Further, the voltage of the 
G 1 electrode 41 is not limited to the same voltage as 

45 the G 3 electrode 43. For example, it is possible that 
the voltage is -5 KV to G^ electrode 41 and 0 V to G 3 
electrode 43. That is, any one of electrodes can be 
used if it is used in the imaging electron lens, and the 
electrode is reduced in size and arrayed into a matrix 

so shape with a predetermined spacing. 

Further, in the embodiment as shown in Fig. 2, 
the Gi electrode 41, the G 2 electrode 42, and the G 3 
electrode 43 are prepared individually, and they are 
piled up through the insulating rings 44 and 45, but for 

55 example, using the manufacturing procedure of the 
micro electronic tube, which is recently used, the 
electrodes may be formed on the same Si substrate 
as shown in Fig. 17. Here, a 10 u.m thick Si0 2 film 47 
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is formed on the both sides of a 1 mm thick Si sub- 
strate 46, and thereafter 0. 1 8 mm apertures are holed 
in a matrix shape with a 0.5 mm spacing by etching, 
and a 5000 A AJ layer 48 is further deposited on the 
both sides of the Si substrate 46, whereby the G A 5 
electrode, the G 2 electrode, and the G 3 electrode are 
formed. 

Fig. 1 8 is a perspective view showing the alterna- 
tive embodiment of the deflecting electrode 50. A 0.2 
mm thick ceramic plate 53 is made into a 110 mm x 2 10 
mm rectangle and an Al layer 54 is deposited on the 
both surfaces, whereby the deflecting plate is 
formed. Then, as shown in Fig. 1 8, the upper surface 
of each plate is electrically connected to each other 
and the bottom surface thereof is also electrically 15 
connected to each other, and the connections are tak- 
ing out to the outside of the tube as two leads, and 
the push-pull deflecting voltage 55 as shown in Fig. 
18 is applied to these leads. If such deflecting voltage 
55 is applied, each divided micro output electronic im- 20 
age is swept on the phosphor screen 31 in the same 
direction. Further, the deflecting plates are not re- 
quired to be with the 0.5 mm spacing but it can be with 
the 1 mm spacing or 1.5 mm spacing and the micro 
output electronic images within a range of the spacing 25 
may be swept together. 

Alternatively, as shown in Figs. 19Aand 19B, an- 
other pair of deflecting electrodes 57 are placed in the 
rear of one pair of the deflecting electrodes 56, and 
the step voltage is applied to each pair, whereby the 30 
time series output optical image corresponding to 
each divided micro incident electronic image such as 
A n , B n , C n , and D n can be obtained on the phosphor 
screen 31. The output optical image is shown in Fig. 
20. 35 

Fig. 21 shows a phosphor screen 31 on which a 
stripe-shaped thick Al layer 32 is placed at the loca- 
tion of the electron beams standing by. In a case that 
the divided micro output electronic images are swept, 
if the illuminating image generates on the phosphor 40 
screen 31 in the stand-by state before and after 
sweeping, the background increases, so that Al thick 
layer 32 prevents the phosphor screen 31 at the lo- 
cation of the electron beams standing by from illumin- 
ating. Further, as the alternative example, as shown 45 
in Fig. 22, stripe-shaped electrodes 90 may be placed 
between the deflecting electrode 50 and the phos- 
phor screen 31. 

Further, in the above-described embodiments, 
the micro focusing electron lenses 40 are arrayed into 50 
a matrix shape, but in a case of measuring spectrum 
from a spectroscope, it is not required to be two-di- 
mension. Accordingly, as shown in Fig. 23, the sur- 
face of the entrance window 20 is a semi-cylindrical 
lens and a one-dimensional arrayed micro focusing 55 
electron lens 91 may be used. 

Note that in the explanation of the present em- 
bodiments, the spacing of the arrayed micro optical 



lenses and the micro focusing electron lenses in a 
matrix shape is 0.5 mm but the spacing may be 0.3 
mm, 0.2 mm or other value, and in accordance with 
the spacing, the spacing of the deflecting plates sim- 
ilar to a strip of paper may also be altered. Further, a 
diameter of the apertures of the G A electrode 41, the 
G 2 electrode 42, and the G 3 electrode 43 can be var- 
ied in many values. 

Further, in the present embodiment, the output 
image is detected by using the phosphor screen 31, 
but it can be read by a device that a solid pickup de- 
vice such as an electron implantation CCD is placed 
in a tube or by arraying multi anodes. Further, the 
MCP may be placed in front of the phosphor screen 
31 to multiply the photoelectrons. 

Further, when the divided micro output electronic 
images are swept on the phosphor screen 31 as 
shown in Fig. 21 or Fig. 22, it is not required that a 
sweeping surface is a time axis, but all signals in a 
sweeping direction can be integrated and used. In this 
case, one step image is obtained and it works as a 
shutter camera. 

Further, in a case of a repetition phenomenon, 
synchronizing with the repetition, sweeping is repeat- 
ed and the image is integrated by the camera or the 
TV camera, whereby the SN is improved. This is the 
same as the conventional streak camera. In such a 
case, the sinusoidal voltage may be applied as the 
sweeping voltage. 

According to a streak tube of the present inven- 
tion, an optical image of an object is converted into a 
plurality of divided micro incident electronic images, 
and photoelectrons from the divided micro incident 
electronic images are focused by a focusing electron 
lens and are further swept by a deflecting means and 
are imaged on an output plane. Thus, the optical im- 
age of the object is converted into the divided micro 
incident electronic images, so that focusing and 
sweeping can be performed in the short distance. Ac- 
cordingly, the total length of the tube can be short. 

Further, since the total length of the tube can be 
short, the running time of the photoelectron is short, 
so that the blur due to the space-charge effect can be 
reduced. 

Further, the intersections of the photoelectrons 
corresponding to the total incident optical image are 
eliminated (in each divided micro incident electronic 
image, there is the intersection but the density is low), 
so that the blur due to the space-charge effect can be 
reduced. 

Moreover, the location of the each pixel of the out- 
put image is determined by the arrangement of the 
divided components, so that geometrical distortion of 
the output image corresponding to the incident optical 
image does not occur. 

From the invention thus described, it will be ob- 
vious that the invention may be varied in many ways. 
Such variations are not to be regarded as a departure 
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from the spirit and scope of the invention, and all such 
modifications as would be obvious to one skilled in 
the art are intended to be included within the scope 
of the following claims. 



Claims 

1. A streak tube comprising: 

converting means for converting an opti- 
cal image of an object into a two-dimensional ar- 
rayed image including a plurality of divided micro 
incident electronic images; 

a focusing electron lens comprising a plur- 
ality of focusing electrode plates, each having a 
plurality of apertures arrayed corresponding to 
each divided micro incident electronic image 
formed by said converting means, said focusing 
electrode plates jointed each other with the aper- 
tures aligning, for focusing photoelectrons from 
the divided micro incident electronic images by 
making the photoelectrons pass through each 
aperture; 

deflecting means having a configuration 
of teeth parts of one pair of comb-like deflecting 
electrodes engaging each other, for deflecting 
photoelectrons from each divided micro incident 
electronic image by transmitting photoelectrons 
through between the teeth of said deflecting elec- 
trode; and 

an output plane for imaging photoelec- 
trons passing through said deflecting means. 

2. A streak tube according to Claim 1 , wherein said 
converting means comprises dividing means for 
dividing the optical image of the object into a plur- 
ality of divided micro optical images, and a pho- 
tocathode for converting each divided micro opt- 
ical image divided by said dividing means into a 
corresponding divided micro incident electronic 
image. 

3. A streak tube according to Claim 2, wherein said 
dividing means comprises a plurality of fiber 
cables placed near said object and a fiber plate 
to which the emitting ends of said fiber cables are 
connected. 

4. A streak tube according to Claim 2, wherein said 
dividing means comprises micro optical lenses 
formed at the entrance window of the sreak tube. 

5. A streak tube according to Claim 2, wherein said 
dividing means comprises fiber groups bedded 
into the entrance window of the streak tube. 

6. A streak tube according to Claim 2, wherein said 
dividing means comprises metal plates bedded 
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into the entrance window of the streak tube the 
surfaces of which are mirrors to reflect the light 
multiple times. 

5 7. A streak tube according to Claim 2, wherein said 
dividing means comprises a plate adhered to the 
entrance window of the streak tube in which mi- 
cro-lenses are formed. 

10 8. A streak tube according to Claim 2, wherein said 
dividing means comprises a plate adhered to the 
entrance window of the streak tube into which 
fiber groups are bedded. 

15 9. A streak tube according to Claim 1 , wherein said 
converting means comprises a photocathode for 
converting the optical image of the object into 
photoelectrons of the object, and dividing means 
for dividing the photoelectrons of the object emit- 

20 ted from said photocathode into a plurality of div- 

ided micro incident electronic images. 

10. A streak tube according to Claim 9, wherein said 
dividing means comprises an electron lens in- 

25 eluding collimating electrode placed in the rear of 

said photocathode and a mask electrode placed 
in the rear of said collimating electrode. 

11. A streak tube according to Claim 10, further com- 
30 prising a transparent electron multiplying dynode 

put on the surface of the exit side of said mask 
electrode. 

12. A streak tube according to Claim 9, wherein said 
35 dividing means comprises microchannel plate 

placed in the rear of said photocathode. 

1 3. A streak tube according to Claim 1 2, further com- 
prising a transparent electron multiplying dynode 

40 placed in the rear of said microchannel plate. 

14. A streak tube according to Claim 1, wherein the 
number of spaces between the teeth of said two 
deflecting electrodes is less than the number of 

45 rows of apertures of said focusing electron lens. 

1 5. A streak tube according to Claim 1 , wherein a re- 
gion of said output plane equivalent to the loca- 
tion of each divided micro output electronic im- 

50 age standing by for sweep is shut by aluminum. 

16. A streak tube according to Claim 1, further com- 
prising stripe-shaped electrodes placed between 
said deflecting means and said output plane, said 

55 stripe-shaped electrodes are positioned at the lo- 

cation of each divided micro output electronic im- 
age standing by for sweep. 
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17. A streak tube according to Claim 1, wherein said 
focusing electron lens has a configuration of de- 
positing five layers of metal, insulating member, 
metal, insulating member and metal. 

18. A streak tube having means for generating a plur- 
ality of images each having a spatial variation 
corresponding to a time variation of a respective 
region of an original image by converting the orig- 
inal image into radiation which is then deflected 
and imaged, the tube having a plurality of deflect- 
ing means each of which is arranged for deflect- 
ing radiation corresponding to a respective region 
of the original image. 

19. A streak tube having means for generating a plur- 
ality of images each having a spatial variation 
corresponding to a time variation of a respective 
region of an original image by converting the orig- 
inal image into radiation which is then focused 
and imaged, the tube having a plurality of focus- 
ing means each of which is arranged to focus ra- 
diation corresponding to a respective region of 
the original image. 
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